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Abstract: The number and size composition of gilinets, fishing grounds, and the quantity
and composition of fish catches were related to the size of fishing boat. The overall
number of gilinets per boat increased from 20.9 ± 2.3 nets in 5-6 m long boats to 88.6 ±
11.8 nets in 11-12 rn long boats. The proportion of large mesh sizes, >127 mm, also
increased from 40% in 5-6 m long boats to 100% in boats >10 m long. Themajority of
large boats, 8.0 m long, fished in offshore waters targeting Nile perch, Lates niloticus
(L.). Boats <8.0 m fished inshore principally for Nile tilapia, Orcochromis niloticus (L.),
although Nile perch was also a major component of the catch. Nile tilapia and other fish
contributed 31-60% of the catch by weight. Mean catch rates increased from 12.6 ± 1.9
kg in 5-6 m long boats to 78.2 ± 16»kg in 11-12 m long boats. Most Nile perch landed
from boats <8.0 m long were <50 cm TL, smaller than the legal minimum harvest size,
whereas <17% of Nile perch landed from larger boats were <50 cm TU Fish catches are
related to the size of boat and this should be considered when formulating management
guidelines of the lake's fishery. Promotion of large fishing boats 8.0 m and restrictions
on the number andlor mesh size of gilinets of smaller boats could increase ecological and
socio-economic benefits.
Introduction
Commercial fishing on Lake Victoria began with the introduction of flax and cotton
gilinets in 1905 (Worthington & Worthington 1933). These exploited a wide range of
native species including tilapiines, catfish and haplochromines which have declined over
the past 50 years and are now rare (Graham 1929; Mann 1969; Jackson 1971; Ogutu-
Ohwayo 1990a; Orach-Meza 1992; Okaronon 1994). Since then, gillnets have undergone
considerable modification with successive improvements in the material used, but have
remained the most important fishing gear on the lake. Uncontrolled fishing and a
continuous reduction in mesh sizes led to the collapse of the native tilapia fishery
(Jackson 1971).
The establishment of the introduced fish species, Nile perch, Lates niloticus (L.) and Nile
tilapia, Oreochrornis niloticus (L.) in the 1970s and early 1980s rejuvenated the gilinet
fishery giving rise to improved fish yields. Around this time most fishermen switched to
larger mesh gilinets to harvest the large-sized fish (Ogutu-Ohwayo 1990b). For the
Uganda sector of the lake, fish catches increased from 42 000 t in 1970 to 120 000 t in
1990 (Kudhongania & Chitamwebwa 1995), fishing effort increased from 3 200 fishing
canoes in 1972 to 8000 canoes in 1990 (Tumwebaze & Coenen 1991; Okaronon 1994).
However, the fishery of the Uganda sector of the lake is showing symptoms of decline in
annual yield from 132 000 t in 1989 to 120 000 t in 1991 and 103 000 t in 1994, despite
the increase in fishing effort (Okaronon 1994).
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Unfortunately, the lake continues to have unlimited entry for the number of fishermen
and fishing gears and there remains a gradual expansion of the fishing industry which
may lead to economic over-fishing and collapse of the new fishery if there is no
regulation of fishing effort. The Nile perch and Nile tilapia fishery has attracted both
local and foreign investors and a number of fish processing plants have been constructed
further increasing the demand for fish. It is generally known that fishing effort on the lake
has increased markedly over time, but the factors contributing to this increase have not
been clearly defined.
The overall objective of this study was to generate information needed for regulating
fishing effort on Lake Victoria by determining the relationship between the size of fishing
boats and fishing effort in the gilinet fishery of the lake. This relationship was determined
from the quantities and mesh sizes of gilinets carried, the fishing grounds, and the types,
quantities and sizes of fish caught by fishing boats of different sizes.
Materials and methods
The study was conducted on six selected fish landing sites in the Ugandan Sector of Lake
Victoria (Fig. 1). Two landing sites were selected in each zone of the lake, i.e. Masese
and Lingira in the eastern part, Kasenyi and Bugonga in the central part, and Kasensero
and Lambu in the western part.
Sampling was carried out on eight different days at each landing site from November
1996 to August 1997, covering 519 boat days; 46 boat days at Lambu, 95 boat days at
Bugonga, 87 boat days at Kasenyi, 105 boat days at Kasensero, 114 boat days at Masese
and 72 boat days at Lingira (1 boat day = a sample unit of one fishing boat in one day).
The sample unit was a fishing boat fishing with gillnets. For every boat sampled the
following records were taken:
the fishing ground - inshore or offshore;
e the length of the boat (nearest 0.1 m);
the stretched mesh size of gilinets in the boat' s net fleet (inches);
e the number of gilinets of each mesh size;
e the number of fish of each species landed;
the total weight of each fish species (nearest 0,1 kg); and
the total length (TL) of individual fish (nearest cm below). Where it was not possible
to measure the length of all fish in the boat, the catch was mixed and a sample of
about 20 fish was removed for length measurement.
Data analysis
Fishing boats were grouped into seven length ranges at 1-m intervals, and the following
characteristics were detentiined.
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o The mean number of gillnets per boat of each size range and the overall mean number
of gilinets per boat were calculated. One way analysis of variance (ANOVA) was
used to test for differences in means on transformed (log10) gilinet counts.
o The percentage contribution of each gilinet mesh size was calculated to evaluate sLe
composition of gilinets carried by boats of different sizes.
o The proportion of boats of each size range that fished inshore and offshore was
determined.
° The fish catches of boats of different sizes were estimated from the mean total weight
of fish per boat (ali species pooled) for each boat size range. One way ANOVA on
transformed (log) data was used to test 'for differences in total weight of fish caught
by different size boats.
o The fish species composition of the catch of boats of different sizes was estimated
from the percentage mean weight contribution of each fish species to the total catch of
boats of different sizes.
o The total lengths of fish were grouped in 5-cm classes and the number of 'fish in each
length class was used to calculate the percentage contribution of the size group to the
total number of fish landed by each boat size.
Results
Boats from Masese and Lingira were all <8 m long and operated with the lowest number
of gillnets (n ± SE) per boat, i.e. 12.7±1.6 to 14.0±2.2 nets at Masese and 16.9±3.8 to
18.7±2.7 nets at Lingira (Fig. 2). At Bugonga and Kasenyi respectively, the mean number
of nets per boat increased from 30.1 ± 6.0 and 25.3 ± 2.9 nets in 5-6 m long boats to
64.2 ± 26.0 in 9-110 ni and 93.1 ± 26.0 in :10-ii ni long boats. Similarly, larger boats at
Lambu and Kasensero carried more nets. The overall mean number of gilinets per boat
increased significantly from 20.9 ± 2.3 nets in 5-6 m long boats to 88.6 ± 11.8 nets in 11-
12m long boats (F6499 = 124.18, P <0.05).
The utilisation of small mesh sizes (76 mm (3 inch) - 127 mm (5 inch)) decreased with
increasing boat size from 60% in 5-6 m boats to 2% in 9-10m long boats, and small mesh
sizes were absent in larger boats (Fig. 3). Most nets in boats >8 m long used mesh sizes
>127 mm (5 inch) (Fig. 3).
Boats <7.0 m long fished exclusively in inshore waters (Fig. 4). The proportion of boats
fishing offshore increased from 7% for 7-8 ru long boats to more than 99% in boats larger
than 10 m.
The mean fish catch per boat was lowest at Masese and Lingira ranging between 8.3 ± 3.0
kg and 12.7 ± 3.0 kg for all boats (5-8 m long) (Fig. 5). At Bugonga it ranged between
18.8 ± 4.4 kg and 44.4 ± 13.5 kg in boats 5-10 m long. At Kasenyì, Lambu and
Kasensero there was steady increase in 'fish catch rates from 9.7 ± 5.8 kg in 5-6 ni long
boats at Kasenyi to 94.1 ± 22.1 kg in ii-12m long boats at Kasensero. The overall meaii
fish catch per boat increased significantly from 12.6 ± 1.9 kg in 5-6 m long boats to 78.2
± 16.4 kg in 11-12 m long boats (F6913 = 15.0367, P<0.05).
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Nile perch contributed 81% to the overall fish catch by weight followed by Nile
tilapia 15% (Fig. 6). Other fish species that were recorded in the catches (Clonas
gariepii7 us (Burcheli), Ti/apia z ii/ii (Gervais), Moninyrus kannuine ForsskiI,
Protop leras ae!J7iopidus 1-leckel, Svnoclontis victor/ac Boulenger, Svnoclontis
afrojisciieri 1-lilgendorf, Lobeo vk touianus Boulenger, and Baguas docinak (Forsskâl))
contributed only 4% by weight and were caught by small boats fishing in inshore
waters. Larger boats (>8m) landed almost exclusively Nile perch with minor
contribution (2%) of Nile tilapia,
Large boats generally landed larger fish than small boats (Figs 7 & 8). A high
proportion of L. ii/lot/cus landed by boats 8,0 m long were > 50 cm TL, whereas
only i l-27 % oíL. iuiloticus in boats less than 8.0 m long vere >50 cm TL. Similarly,
O. ii/lot/cus individuals landed by large fishing boats were larger than specimens
landed by small boats.
Discussion
The size of the fishing boat bears a strong relationship to its fishing characteristics in
terms of number and mesh size composition of gillncts used, the fishing ground, the
total fish catches, the fish species compositiOn of the catch and the size composition
of the fish caught.
Boats less than 7.0 m long carried a similar number of gilinets of small mesh size
composition, fished exclusively in inshore waters, landed approximately the saine
mean total weights of fish and species composition (Figs 2-6). The fishing
characteristics of 7-8 ei long boats were intermediate between sirntil and large boats.
They carried more, bigger mesh-sized nets, a few boats (7%) fished in offshore waters
but they landed similar weights o.f fish as the smaller boats, although their catch was
dominated by Nile perch. The size composition of Nhe perch landed by boats 5-8 m
lona was similar with a slight bias to bigger sizes with increase in boat size and the
occurrence of larger Nile tilapia also increased with boat size among these boats (Figs
7 & 8). Larger boats (8.0 ni) han larger meshed gillnet mesh size and caught almost
exclusively Nile perch, but the mean number of gilinets and mean weight of fish
landed increased with boat. length. The percentage of boats fishing offshore also
increasenl with boat length (Fig. 4).
One inlpol'tant issue that transpired from the data on size of fish caught vas the high
proportioli of undersized Nile perch caught by boats less than 8 in long. In Lake
Victoria, male and female Nile perch mature (Lin) at about 50 cm TL and 80 cm TL
respectively (Hughes 1992, Ogutu-Oh\vayo 1994). The sex rutio of the Nile perch
population in the lake is male biased (Ogutu-Oh\vayo 1994) resulting in a catch that is
dominated by males. Consequently, exploitation of fish <50 cm vill probably leach to
recruitment overfishing, particnilt.rly as few females vil1 reach maturity.
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Nile tilapia were common in catches from boats <8.0 m long, which fished in inshore
waters (Figs 4 & 6). Nile tilapia in Lake Victoria is largely found inshore, thriving in
waters <10 m depth, and restricted to waters <20 m depth (Kudhongania & Cordone
1974; Okaronon 1994). This is the habitat that was previously occupied by the
indigenous tilapiines Oreochrornis esculentus (Graham) and Oreochromis variabilis
(Boulenger). Male and female Nile tilapia in the Ugandan sector of the lake mature at
about 18 cm and 24 cm TL respectively (Balirwa 1998). The majority of Nile tilapias
recorded in the catches were mature fish above 25 cm TL. This size of Nile tilapia
(25 cm TL) is suitable for harvest with moderate fishing effort. Consequently,
provided the fishing effort remains within acceptable bounds to avoid overfishing, the
gilinets used are appropriate for exploitation of the species.
Predation by Nile perch and fishing mortality are among the most important
regulators of trophic dynamics in the Lake Victoria ecosystem. Therefore, stability of
the lake's fishery depends in part on the nature of interaction between Nile perch and
man, through fishing. Schindler, Kitchell & Ogutu-Ohwayo (1998), using
bioenergetic modelling, showed that the potential effects of Nile perch predation in
the lake's food web are sensitive to the way in which fishing effort is allocated in the
gilinet fishery. They suggested that intensive harvest o1 juvenile Nile perch using
small mesh gilinets and beach seines would lead to recovely of haplochromines and
other fish species preyed on by Nile perch. Recovery of haplochromines and increased
fish species diversity has occurred in Napoleon Gulf, Mwanza Gulf, Winam Gulf and
other regions of Lake Victoria where fishing is locally intensive (Kitchell, Schindler,
Ogutu-Ohwayo & Reinthal 1997). However, recovery of haplochromiries cannot be
the primary goal in managing the lake's fishery. Success of the Nile perch, which
should increase fishery yields and economic benefits to the people who depend on the
lake's fishery resources, is more desirable (Kitchell et al. 1997).
In Lake Victoria, Nile perch up to 50 cm TL feed predominantly on macro
invertebrates, especially the prawns Caridina nilotica (Roux) and Odonata nymphs,
thus playing a beneficial role of converting invertebrates into a consumable
commodity, fish (Ogutu-Ohwayo 1994; Ogutu-Ohwayo, Wandera & Kamanyi 1996).
Larger fish (>50 cm TL) shift to a predominantly piscivorous diet comprising
Rastrineobola argentea (Pellegrin), juvenile Nile perch, Nile tilapia and
haplochromines, and are thus destructive to biodiversity and economically wasteful
(Ogutu-Ohwayo 1994).
The 50 cm TL which corresponds with the size at which male Nile perch mature is the
approximate size for first catch of Nile perch using large mesh size gillnets. It is
possible that high fecundity, a male biased sex ratio of the population and dependence
of smaller fish on invertebrate food may compensate for the capture of females which
mature at a larger size (80 cm TL) (Ogutu-Ohwayo 1994). Harvesting Nile perch at
from 50 cm would reduce the piscivory thereby fostering survival of both its offspring
and prey fish species (Kitchell et al. 1997). On the other hand, intense harvesting of
juveniles using small mesh gilinets and beach seines will diminish the production
potential of both predator and prey populations through growth and recruitment
overfishing. Schindler et al, (1998) predicted that maximum fish harvest and
substantial reduction in Nile perch predation effects would result from minimum
gilinet mesh size restrictions between 152 (6") and 254 mm (10").
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Boats 8.O w long use this gilinet mesh size range (Fig. 3, while boats <8.0 ni long
mostly use gilinet fleets with a mesh sizes <152 mm and landed substantial quantities
of juvenile Nile perch (Fig. 7). If this habit continues, it could be ecologically
beneficial in the perspective of regaining the lake's biodi"ersity, but could be
economically wasteful.
The Nile tilapia catches contained a high proportion of mature fish >25 cm TL, but
the most popular method of fishing is now active operation of gilinets. This is done
close to the shoreline in the nursery grounds targeting the brood stock, hence it is
destructive.
In the interest of maintaining ecological balance and attaining increased fish
production it is illegal to fish on Lake Victoria in Uganda with gillnets <127 mm (5")
mesh size and all forms of active fishing are prohibited. It is also illegal to catch Nile
perch <48 cm TL and Nile tilapia <25 cm TL, which are caught in the smaller meshes.
However, these regulations have never been fully enforced. This calls for fresh
management strategies to address the apparent long term ecological and economic
consequences these practices may cause to the lake's fishery.
The total biomass of Nile perch will be reduced if fishing for juveniles depletes Ehe
population before growth allows accumulation of biomass by a cohort. Thus, the
fishing of juveniles will substantially diminish the total yields, and reduce income
from the fishery. Nile perch 50 cm TL are preferred by fish processing factories and
fishmongers, and fetch a price 2-5 times higher than that offered for an equivalent
weight of smaller Nile perch. Thus price per fish would be much greater if the Nile
perch were allowed to grow. Similarly, adult tilapia command a higher market price
than smaller conspecifics.
In conclusion, the management of the O. niloticus fisheiy should focus on
discouraging the active operation of gillnets, preventing increase in the number of
boats operating in inshore waters and preventing further reduction of gillnet mesh
sizes. Management of the Nile perch fishery requires promotion of the use of larger
motorised boats and putting restrictions on the number andlor mesh sizes of gillnets of
smaller boats that operate in inshore waters and land mainly immature fish.
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